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STATIC LONGITUDINAL AND LATERAL STABILITY AND CONTROL 
., 

CHARACTERISTICS OF AN 0.065-SCAU MODEL OF THE 

CHANCE VOUGHT REGUGUS 'II MISSILE AT MACH 

NUMBERS OF 1.41, 1.61, AND 2.01 

TED NO. NACA AD 398 

By Ross B. Robinson, Cornelius Driver, 
and M. Leroy Spearman 

SUMMARY 

An investigation has been conducted in the Iangley 4- by 4-foot 
s@ersonic pressure tunnel to determine the static longitudinal and 
lateral stability and control characteristics of an 0.065-scale,mcdel 
of the Chance Vought Regulus II missile. The tests were made at Mach 
numbers of 1.41, 1.61, and 2.01 and Reynolds numbers, based on the 
mean geometric chord, of 1.86 X 106, 1.79 X 106, 
respectively. 

and 1.54 x 106, 

INTRODUCTION 

. 
'At the request of the Bureau of Aeronautics, Department of the Navy, 

an investigation of the aerodynamic characteristics of the Oh&e Vought 
Regulus II missile (XRSSM-N-9) at supersonic speeds has been undertaken 
by the National Advisory Committee for Aeronautics. 

This missile is a jet-propelled surface-to-surface type having a 
wing with 43.5O of sweep of the quarter-chord line, an aspect ratio 
of 2.75, taper-ratio of, 0.6, and.mcdified-.circular-arc airfoil sections ,,, 
tith a thickness of 4 percent chord. 

-- 
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The present paper contains the results obtained at Mach numbers 
of 1.41, 1.61, and 2.01 in the Langley 4- by 4-foot supersonic pressure. 
tunnel. -.. . _. .I -. .--.--. _ ,. -., : ..1 _L . ~ .e m#w.w,s I*.-r~:,l.ci.-z. .1'"1 i I., -.I .*. es+ -+ ..~,~~~,I -3 6. _ . P ".W, 

COEFFICIENTS AND SYMBOIS 

'The results of the tests are presented as standard NACA coefficients 
of forces and moments. The data are referred to the stability-axes 
system (fig. 1) with the reference center-of-moments on the longitudinal 
center line of the basic body of revolution at a longitudinal station 
corresponding to the leading edge of the wing mean geometric chord 
(fig. 2). 

The coefficients and symbols are defined as follows: 

CL lift coefficient, 2 

b . 
CN normal-force coefficient, Normal force . 

3 " 
qs 

cx ', longitudinal-force'coefficient, x 
qs 

: 5 
k 

chord-force coefficient, Chord force 
qs 

D-w drag coefficient, - 
qs 

lateral-force coefficient, ' 
qs 

rolling-moment coefficient, -L 
@JJ 

%I pitching-moment coefficient, %- 
* qsc 

yawing-moment Coefficient, N 
-- (2% .r ,/ I, 1. ._ ,. 1*-1 ._ ., f 

H eleven hinge-moment coefficient, - 
2qM, 

F 
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L/D 

force along X-axis 

force along Y-axis 

force along Z-axis 

moment about X-axis 

moment about Y-axis 

moment about Z-axis 

eleven hinge moment 

free-stream dynamic 

Mach number 

wing area including 

moment-area of eleven 

about hinge axis 

pressure 

body intercept, 88.47 sq in. 

wing span, 15.63 in. 

wing mean geometric chord, 5.78 in. 

neutral-point location, percent c' 

angle of attack of fuselage center line, deg 

angle of sideslip of fuselage center line, deg 

eleven deflection normal to the hinge.line, deg 

rudder deflection, deg 

lift-drag ratio, CL 
q 

rise .in longitudinal-force coefficient with lift above 
minimum longitudinal force 

pitching-moment 

mass flow ratio 

coefficient at zero lift . ._ .__~ 

- -~ -L _. 
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aCL 
cJh = z- 

-. :., ,-. ,-,. . ..‘... .A*  . . .-. 

c&5 
L ac, 

c$5l 
au 

,' 

a% 

CYp = ap 

ac, Cl =- 
B  at3 

3% c, =- 
B  a$ 

3% Cns, = as, 

r, 

NACA RM SL55E31 

T  iiZ.i? ..,irJ-+.-;c- . :  r ._ ~I. , . .  A. . ,  .  .  .. i 

Cl 
aC2 = -, where 6, is the differential deflection of the elevens in 

6e as, deg 

Sub;scripts:' 

trim  measured for 

R right 

L left 

, ,s .  em&s--u+* _.. .  .  .  .  , . . ,  1 T  , .  ,  :  I  ,  

_,* ‘. 
cm y& !, 

= fJi,*‘, ‘-“. 
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MODEL AND APPARATUS 

A three-view drawing of-the model and-.details 'of various 'comp~onents .~ 
are presented in figures 2 and 3. The geometric characteristics of the 
model are presented in table I. Photographs of two of the configurations 
are shown in figure 4. 

The model,was equipped with a wing having 43.5O of sweep of the 
quarter-chord line, aspect ratio 2.75, taper ratio 0.6, and modified 
circular-arc airfoil sections with a thickness of 4 percent chord 
(see table I). The wing was mounted 0.26 inch above the fuselage 
center line and had zero incidence and dihedral. 

Elevens of the plain trailing-edge flap type provided both longi- 
tudinal and lateral control (fig. 2). The model had a swept vertical 
tail and movable rudder (fig. 2). Deflections of all control surfaces 
were set manually. 

Coordinates of the basic fuselage are presented in table II. A  
L simulated static-pressure probe was attached to the nose of the fuselage * (see fig. 4) . A  scoop inlet equipped with a boundary-layer diverter 

(fig. 3) was incorporated into the fuselage to simulate the internal- 
3 flow conditions of the m issile. The inlet air flow, which could be 

throttled manually to provide variable mass-flow ratios, Was discharged 
out the resr of the fuselage around the sting. The lim ited travel of 
the throttling mechanism could not produce a zero internal-flow condi- i 
tion. A  solid faking (figs. 3 and 4) was used for all the "closed 

‘1 inlet" configurations to perm it investigations of the model with no 
,':"" internal air flow. The wing and vertical tail were removable in order 
', to perm it investigation of various combinations of components. 
,' ,.' 

. 

Force and moment measurements were made through the use of an 
experimental, all welded, six-component strain-gage balance,furnished 
by NACA. This experimental balance is characterized by an extremely 
small size but with an attendant increase in balance deflections and 
interactions. Space lim itation was the primary consideration in its 
selection. The leftelevon was equipped with a strain-gage beam fur- 
nished by the contractor to facilitate the measurement of eleven hinge 
moments. 

The following pressure measurements were made: 

(1) the static pressure in the balance chamber inside the model ,., ., ..-- 

(2) the static pressure on the rim  base area of the fuselage 

(3) the total and static pressures of the exit air flow with open 
inlet by means of a total-pressure rake fastened to the sting at the 
base of the m odel. 

,); 
4. 

J+ 
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Since the model  was mounted on a  5' bent sting, it was possible 
test through an angle-of-attack range at angles of sideslip of 0' and 

to 

about kg0 and through an angle-of-sideslip range at,angle,s .of attack-of.... 
O" and about t5O. .- 

TEST CONDITIONS AND PROCEDURE 

The condit ions for the tests were: 

Mach number,. . . . . . . . . . . . . 1.41 1.61 2.01 
Reynolds number, based on c' . . . . . 
Stagnation pressure, lb/sq in. . . . 

1.86 x 106 1.79 x 106 1.54 x 106 

Stagnation temperature, O.F . . . . . 
13 13 13 

100 100 
Stagnation dewpoint, OF . . . . . . . 

100 

&ch number variation . . . . . . . . 
c-25 c-25 c-25 

fO.O1 fO.O1 
Flow angle in horizontal or 

*0.015 

vertical plane, deg . . . . . . . . 20.1 20.1 fO.l, 

At each Mach number the effects of 'mass-flow ratio on lift, longi- 
tudinal force, and pitching mcxnent  were determined for a  lim ited number 
of throttle settings for a= = B O0 . From these results a  throttle 
setting was selected to give the desired mass flow for the remaining 
tests. "' 

Tests were made through an angle-of-attack range from about -12O 
to about 8O for zero angle of sideslip and through an angle-of-sideslip 
range of about -loo to about 4O for zero angle of attack. Additional 
tests were made through the angle-of-attack range at j3 = 59 for M  = 1.41 
,and 1.61 at p = -50 for M  = 2.01. 

CORRECTIONS AND ACCURACY 

The angles of attack and sideslip were corrected for the deflection 
of the balance and sting under load. The nominal values for eleven 
deflection presented in this report are not corrected for deflection 
due to load. Approximate values of eleven deflection under load are 
presented in the following table: 
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&ch 
number 

as, as 
J e' deg 

Ieft eleven 'Right $$on'.- -- .- " 
,_._,. . 

', 

1.41 
1.61 
2.01 

Although the variation of .rudder deflection was not known, it was 
assumed to be small (within fO.lO) since the surface was rigidly fixed 
in the desired position by bead of solder along the leading edge of the 
rudder. 

Base-pressure measurements were made and the longitudinal-force 
coefficients of all configurations were adjusted to free-stream  static 
pressure at the base. For alJ. configurations with the open inlet, the 
internal pressure in the model balance chamber was measured and correc- 
tions for a buoyant force on the balance were applied to the results. 
The internal drag was determ ined from  the change in momentum from  free- 
stream  conditions to measured conditions at the duct exit. Base drag, 
buoyant force, and internal drag have been subtracted from  the total 
longitudinal-force measurements so that a net external longitudinal- 
force coefficient was obtained. I&n+flow ratios were about 0.85, 0.9, '/ 
and 0.92 for the stability and control tests at Mach numbers of X41, 
1.61, and 2.01, respectively. !ihe magnitude of the base, internal, and 

$ 

buoyant longitudinal-force coefficients at a = O" for the three Mach 
1 
' .'. numbers is indicated by the following table: 

:, I. ,,, i 
M=  2.01 M  = 1.61 M  = 1.41 

Base Cx. . . . . . . . . . . . . . . . i 0.0001 0.0001 -0.ool.2 
Internal Cx'. . . . . . . . . . . . . . . -0.0050 -0.0034 -0.0032 
Bouyant Cx . . . . . . . . . . . . . . . o.ol25 0.0~6 0.0092 

I . I I I 

The estimated errors in the individual measured quantities are as 
foXLows: 

._ I “. _. ,. .., _’ ., . ,,. _” 
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cL, cN .... .; .. :. .. ,.; L;’ “..- .; “1 ... ..~..“” .. .;‘. 
c‘c, cp CD ................... 
cm .................... 
Cl .................... 
cn ..................... 
cy .................... 
a,deg .................. 
P,deg .................. 
6r and 6e (corrected for deflection of 

elevon under load), deg ........ 
M.. .................. 

“.q-- 1 ;j6;2 

to.001 
-to. 005 

to. 0001 
fo.0001 
to.0014 

to.1 
to.1 

fO.1 
to.01 

PRESENTATION OF RESULTS 

The results are presented as follows: 

M= 1.61 M = 2.01 I I 
,, . . ko;6ti. 

to.001 
fO.005 

+-0.0001 
f0.0001 
+0.0014 

40.1 
to.1 

to.1 
fO.O1 

c  io,bo3 1: c  io,bi3 1: 

to.002 to.002 
+o.ooy +o.ooy 

+0.0002 +0.0002 
f0.0002 f0.0002 
to.0016 to.0016 

fO.l fO.l 
to.1 to.1 

to.1 to.1 
kO.015 kO.015 

Figure 

Effects of mass flow on the aerodynsmi:c characteristics 
in pitch at several &ch numbers. axp, 00. .; . . . . . . 

Effects of internal flow on the variation of the aerodynamic 
characteristics in pitch with M&h number. azpz 00. . . . . 

*jl' 'Schlieren photographs of open and closed inlet configurations . . 

Aerodynamic characteristics in pitch for various component 
parts. M = 2.01. . ; . . . . . . . . . . . . . . . . . . . . . 

'. Effect of internal flow on the aerdaynamic characteristics in ', pitch. 6e L = 6, = 0:;' j3 e 0'. . . . . . . . . . .'- . i . . . 
R 

1 

.  

Effect of eleven deflection on the aerodynamic' characteristics 
in pitch. p E 0'; 6eL = 6eR. .  .  , ;  .  .  - .  .  .  l .  .  .  .  .  .  

Pit&control characteristics. a = p = 0'. . . . . . . . . . . . 

Longitudinal characteristics for trim . . . . . . . . . . . . . . 

5 

6 

7 

8. 

9 

10 

11 

‘i2- 

13 

$5.’ 
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F igu re  

S o  o f long i tud ina l  p a , rqneters . ..-... ,. y-i,iM ,.-C-.rt-. .- ..,....+ . . + G  .- .c - + & -  .i _  . _  _ _ _  ._  4 .. 

E ffect  o f in terna l  flo w  o n  th e  a e r o d y n a m i c  character is t ics 
in  s idesl ip .  . . . . . . . . . . . . . . . . . . . .' . . . . . . . 

E ffect  o f a n g l e  o f a ttack  o n  th e  a e r o d y n a m i c  character is t ics 
in  s idesl ip .  . . . . . . . . . . . . . . . .'. . . . . . . . . 

Var ia t ion  o f y a w i n g - m o m e n t, ro l l ing -moanent ,  a n d  s ide- force 
c o e ff icients wi th lift c o e fficient. . . . . . . . . . . . . . . 

Var ia t ion  o f s idesl ip 'der ivat ives wi th lift c o e fficient. . . . . 

E T fect  o f r udde r  d e flec t ion  o n  th e  a e r o d y n a m i c  character is t ics 
ins idesl ip .  . . . . . . . . . . . . . . . . . . . . . . . . . 

D i rec t iona l  c o n trol character ist ics.  a  * O " . . . . . . . . . . . 

Var ia t ion  o f r udde r  character is t ics wi th lift c o e fficients. 
M =  2 .01 ;  p = O " a  e  e m  l m  l l m  l l l l l l l e  m  *,a l m  l 

S u m m a r y  o f d i rec t iona l  stabi l i ty a n d  c o n trol character ist ics.  . . 

A e r o d y n a m i c  character is t ics in  s ides l ip  fo r  va r ious  ax is  
systems.  cr.=  5 O j Mzl .61.  . . . . . . . . . . . . . . . . . 

L a te ra l  c o n trol character ist ics.  . . . . . . . . . . . . . . . . 

In c r e m e n ta l  a e r o d y n a m i c  character is t ics d u e  to 'd i f ferent ia l  
e l evon  d e flect ion.  . . . . . . . . . . . . . . . . . . . . . . 

R E S U L T S  ,,' 

l5  

1 6  ' 

l7  

1 8  

1 9  

2 0  ,,' ,' 

2 1  

2 2  

2 3  '. 

2 4  

2 5  

T h e  bas ic  resul ts  a re  p r e s e n te d  wi thout  ana lys is  in  o rde r  to  expe -  
d i te  issuance.  H o w e v e r , s o m e  gene ra l  observa t ions  re lat ive to  th e  
resul ts  m ight  b e  m a d e . 

O n e  resul t  o f s ign i f icance is th e  la rge  n e g a tive va lue  o f p i tch ing-  
m o m e n t c o e fficient a t ze ro  lift C  m C  wi th ze ro  c o n trol d e flec t ion  th a t 
a p p a r e n tly is c a u s e d  by  th e  X r in let  ( s e e L ~ fig .' 5 ,. '- T h e  o c c & r e n c e 'o f * 
th e s e  la rge  n e g a tive va lues  o f C m 0  necess i ta te  l a rge  c o n trol d e flec-  
tio n s  fo r  trim  wi th a  resul tant  i nc rease  in  d r a g  a n d  reduc t ion  in  m a n e u -  
verabi l i ty.  l!& a n s  o f r educ ing  th e  n e g a tive C m 0  w o u l d  b e  o f cons ider -  
a b l e  impor tance.  

: . .f- .$ i ?  i’?  
d  .’ ‘ 
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Another result of interest concerns the directional stability -CnS 
which decreases quite rapidly with both increasing Mach number and angle 

figs'?' -lg"%&T~)"~* 
appears;to be a result of the large 

unstable moment of the wing-body combination. Although it may be possibl; 
to control the missile directionally"with these low values of stability, 
it would appear that the low Cn 

P 
together with a rather large variation 

of pitching moment with sideslip (see' fig. 19(a), for example) might lead 
to cross-coupled motions that may be difficult to control. Further study 
of these effects would, of course, be desirable. 

Langley Aeronautical Laboratory. 
National Advisory Committee for Aeronautics, 

Langley Field, Va., May 18, 1955. 

A /#* L ;.I: 
ROSS B. Robinson 

Aeronautical Research Scientist 

Cornelius Driver 
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TABLE I.- GEOMETRIC CRARACTERISTICS OF MODEL 

wing: 
Total area, including fuselage interceptI....sq.-in~.-.-..~..-~....; 
Span, in. 

.. . ... 
............... 

Root chord, in. 
'Tipchord,in. 

........... : : a: : : 1 : : : : 
....................... 

Length of mean geometric chord, Z, in. 
Aspect ratio 
Taperratio ... 

.. .... 
.... .. .. 

Sweep angle of c'/4 line, deg 
lAirfoil section, stresmwise: 

..... 

Maximum thickness, percent chord .... 

: : : : 1 : : : 
.............. 

.. 
... ... ... .. 

." 

... ... 
. 1 

.. 
Location of maximum thiclmess, percent chord 

. 
...... 

Trailing edge thickness, percent chord 
Dihedral,deg 

......... 

Incidence, deg ...................... ..................... 

Elevons: 
Area behind hinge line, each, sq in. 
Moment of area, each, cu in. 

........... 

Span,in. 
............... 

.. ... 
Sweep of hinge line, deg 

.................... 
1 : : 1 : : : : 

Vertical tail: 
Span (to model center line), in. 
Area (to model center line), sq in: . 1 1 1 1 1 1 1 1 1 1 
Tip chord (theoretical), in. 

1 

Root chord, in. 
............... 

. ..... .... 
Length of tail mean geometric chord, in. 
Aspect ratio 

.................. 
: 

...... . 
Taper ratio (theoretical tipj 1 : : : : : : '1 1 : : : : : : 
Rudder area, sq in. ................... 

.,~ 

11 

y; .'", -< 

7108 
4.27 
,5-78 
2-n 
0.60 
43.5 

4.0' 

503G . 
0 
0 

4.61 y 
2.49 
3.42 
37.3 

,I,' 

5.07 .i-- 
23.08 
2-35 
7.16 
5.28 
1.12 
o-33 
2.35 

Airfoil section . . . . '. . . . . . . . . . ,. . . . . . Same, as wing 

Fuselage: 
Length (without probe);in. . . . . . . . . . 
kximumdiameter,in. . . . . . . . . . . . . . . . . . . 

44.15 
Maximum cross-sectional area, sq in. . . . . . . . . . . 3.?5 

. 
Base inner diameter, in. . . . . . . . . . . . . . . . . . 

11.10 

Sting diameter, in. 
2.01 

. . . . . . . . . . . . . . . . . . . 
Area of rim of base, sq in. 

1.25 
. . . . . . . . . . . . . . . 

Annular area of base for internal flow, sq in. . . . . . . 
0.45 

Maximum length-diameter ratio . . . . . . . 1.94 
_... Total base area (annular + rim+ sting), sq &I . : : t 1 1. 

13.6 . . . . . ~. 
3.62 

1Symmetric airfoil section defined by 

t C = o. u24g6 l/2, 
__ - 0.015168 $j - 0.028768($" - 0.033096 8 + O.Ol'jOO52 I: 
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Figure 15.- Effect of internal flow on aerodynamic characteristics in 
sideslip. Closed inlet means faired closed. 



. 
: 

.: . 

. . 

. 

: 

0. 
. 

0. 

. . 
. 
. 

NACA FM SL55E31 

‘n 

CY 

-10 -8 -6 ‘4 -2 0 2 4 6 

B, &g 

(b) M = 2.01; a, = -5'. 

Figure 15.- Continued. 



. . . .: . 
:...i 

l :- . . . 
. . . .: . 

. . . . t . . . . . 
i . . . 0.. : 

NACA RM SL55E31 

CY 

40 -8 -6 -4 -2 0 2 4 6 
.-,, ,. ,., . . ** _, ,, 

B, %il 

$4 

.$I 
y$ 

‘!, 

.” 
,.., : 
t. 
‘. 

:. 

‘( 7, 
‘. 
rj 

.** 

(c) M = 1.'61; a, = 0'. 

Figure 15 .- Continued. 



. . . 
:.: : 
y..: . 

. . . . 
. . . . 
:. . . 
. . . : 

. . . . . . . . . . 
. . . . :.: . 

NACA RM SL55 E31 

C” 

CY 

-to -8 -6 -4 -2 0 2 4 6 8 ;,.-. ,- ,, : a;deg.’ s,-. .- ,,_.. / ._ . 

,: 

;!A 
:p: , 

d 
i i ,I A ’ I[ 3% 
4 
: . . 

. ,  

: ; ,  

,‘..i 

(d) M = 1.41; a = o". 

Figure 15.- Concluded. 



. . :. . 
NACA RM SL55E31 - 

. . . . 

CY 

-12 -10 -8 -6 -4 -2 0 2 4 6 i ._ _.,_ .*. * . . ._.. a .1 . _ i ., _. _ ,c ; ,, . .- 
8, &cl 

; 

(a) M= 2.01; inlet open. 

Figure 16.- Effect of angle of attack on aerodynamic characteristice in 
sideslip. 

' '2 



. . . . . . . . . . 
.:...{ 

. . . . 
. . . . 

i.: 
. . 

: 
. . . . 

. l 
. . . . 

. . . 
. . . 
. . . . 

NACA RM SL55E31 

cn 

CY 

-12 -10 -2 _ .,.. -S ..,. -6. -4 ,, ,.., 9 2. -4.. . . ~.d I. 
8, deg 

(b) M = 2.01; inlet fa.ired closed. 

,.$ 
., ,J 

“a,’ 

!” 

/’ 
’ ! 

:/ 

” 

‘, .d 
.! 

yjj 

;‘..,I 
.I 

,,.r , . . 

Figure 16.- Continued. 



mm1 I I I I Ill1 1111 .l 

. . 
.:.. 

. 

. . . . . 

. . 
. . . . 

. 
a... 

% . 
. . 

0.. : 
. . . . 

. . 
. . . . 

. . . 
l * : . . . 

NACA FiM SL55E31 

% 

Cl 

CY 

,. :I? .-8 ,.,-. -6 -? ..I. -2 0 2 
s,&l 1, 

4 6 
‘--,’ 

;. 
,‘I;. 

: 

‘I :,‘:, 

. 
(d) M = 1.41; inlet open. 

Figure 16.- Concluded. 



(a) M = 2.01.. 1. 
Figure 17.- Variation of yawing+rioment, rolling-moment, tid side-force 

? 
-' coefficients with lift coefficient.' j 
.i 
4 ;f; 

_ ._ .;. .T %J~gf$ . . - .,. 
. . . ..*.i. ".-.> : :B 



:*b ,*. . a*. : .: l : 
l e . . . . . l : l m 

t:: . . . . . . 
l . . 00 l et. : 

(b) M =x61; 6, = 0'. 

Figure lT..- ContAnued. 



:.. . . . 0.. : . .: Y 
0. . . . . . . : . . 

::: : l ** . . 
. . . . . . .:. . 

-*7 -.6 -.5 -.3 -.2 -.I 0 .I .2 .3 .4 .5 

(c) M = 1.41; 6, = 0'. 

Figure 17.- C&luded. 
_ . . .l. 

:.. '. :..<a, 



M 
0 2.01 

-w-m-- 
s 0 1.61 
r:--- 0 I.41 
3 

. . . . . . “I1 . . 
. . . . :.: : . 

0. b.. . 
. 0. : 0:. . : : 

Flmre 18-- TTari9tinn r\P 
c 

;I--f---~2--.- - . . . --_ : 
- .-L LUUIVI I  “A 

SymboLs indicate 
$g&gj@~Q?&$*&.T:, '. 'b, . . ./y&& . ,. ‘". * f / 



-_.--- .---- ..-.- --- __..._ _ 

1*-* . . . . . 
. . . . . . . 
. . . . 

..: 
. . 

.: : 

. . . . . . . . . 
. . 

.: : 

NACA FM SL55E31 
h 

C” 

CY 

a.. .4&r, 

02 

.Ol 

,O 

TOI 

. *  .a..  i 4% _.. ,. x  rksrr, 

1 .,y 
” 9 f 

4 j.J; 
‘. 

_’ 

‘I 
! 

1 

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 
,. ,,, ,..,... ,,t. II- ,,. b’. 

19, WI 

,“. .,.,.. 

(a) M i 2.01; CL = 0'. 

Figure lg.- Effect of rudder deflection on the aerodynamic characteristics 
in sideslip. 



Cm 

..- . . . . 

. 0.0. . 
. - 0. . . 

0. . . . . 
t:: 

. :.: : 
. . 

. . 
. . 

. . . a. : 0:. l . 

(a) Concluded. 

Figure lg.- Continued. 

.di;&*G;;, : .: I.$@&=J I y 



. . . . . . . NACA RM SL55E31 

. . . 
y..: . 

. . . . 
. . . . 
:. . . 
0.. : 
. . . . . . C” . . . . 

. . . 
:.: : 

Cl 

*  .  .  , .a.&a,.a. 

&to -8 -8 -4 -2 0 . ._ . .- - .2._.,4 j 6-A... .: ~.,.m I/. :::a.-* 

A deg 

(b) M ='2.01; a = -5’. 

Figure lg.- Continued. 



:-• . . . . . 
. . . . . . . . 

l :.. D... 
: . . . D.. : 
. . . . . . . . . . 

. . 6. . 3.. . 

NACA FBI SL55E31 

v-2 0.~ 2.., d 4 1. 6 

P, deg 

(b) Concluded. 

Figure lg.- Continued. 



. . . . . . . . . . 
.:...: . 

. . . . 
. . . . 
:. . . 
. . . : 

. . . . . . . . . . 
. . . 
:.: : 

NACA FW SL55E31 - 

Cl 

CY 

-12 -1.0 -8 :‘,-6 -4.. -2 -0 ,.,, 2 .$I ~. -6 

(c) M = 1.61; a = o". 

Figure lg.- Continued. 

WL 

.*a “1m.. .a..d,? ..‘yr,QQ@+<#.< 

,’ ,’ 

‘., 
:fi ! 

.’ .( g 1 
k ,‘{ 

:j 
Q I,’ ,t i 1. ,,,I 

,~. .i ,  . -am* 

,: ,’ 

‘..’ 



:.. .‘. . ..* : 
. .: 0. 

. . . . . . . . : 0.: 
: : : 

. . . . . . 
0. . . . : 0:. . . 

CL 

6 

. (c) Concluded. 

Figure lg.- Continued, 
_-.- - *?:$t+&. _ i-.&..,. i--I& 

‘! 

: 
; 

-g 



,... . . 
. . l 

:...) 

. . . . 

..: 

. . 
. 

.: . 

. . . . 
. 

. . . . 

. . 

:.: : 

NACA FIM SL55E31 

C” 

CY 

-I 2. -10.. -8 7.6 . ..-4m ,.-2 ..-0 .- 2 4 6 ,-.>~.a ii 10 ._ . ." . . 

8, deg 

(d) M = 1.61; a = 5'. 

Figure lg.- Continued. 



. . . . . . . . . 

. . . . . . . 
. . . . 

..: 
. . 

.: : 

. . . . . . . . . 
. . 

.: : 

NACA FM SL55E31 

Cm 

cx 

(d) Concluded. 

Figure lg.- Continued. 



. . . . 
m  . . 

. . . 

. . . . . . . . 
. . . . 

. . . . 
. . t. . . . . . 

. . . . . . . . . . 
. . . . . . . . : 

NACA RM SL55E31 

i 
C” 

CY 

‘IQ* ‘“-bq**. .? a.. .,, _ yw. ri43;*. 

A. 
‘,?’ 
I a”1 :L,d 
14 
5  .., ci 

_. -10 -I : yg -6 -4 -2 0  2  4  . ,... , ..,* -. __  ~~ 6  ,, 
8,& .-, ,-I..? i./. :, I 

(e) M  = 1.41; a  = O". 

Figure lg.- Continued. 
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Figure 20.- Directional control charactekfstics. a = 0'. 
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Figure 21.- Variation of rudder characteristics with lift coefficient 
M  = 2.01; p  = 0'. Symbols,indicate slopes obtained from results 
presented in figure 20. 
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Figure 22.- Summary of directional stability ski control chsracteristics. 
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Figure 23.- Aerodynamic characteristics in sideslip for various axis 
systems. a= 5'; M  = 1.61. 
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Figure 23.- Concluded. 
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Figure 24.- Lateral control characteristics. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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(c) M = 1.41. 

Figure 24.- Continued. 
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Figure 24.- Continued. 
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Figure 25.- Incremental~aerodynamic characteristics due to differential 
elevon deflection. 
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